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1. Introduction 
Laparoscopic surgery is seen as the surgery of the future. Its low mortality rate, its fast 
recuperation rate and the aesthetic advantages it offers the patient make it adequate for 
application in all of the medical sub-specialisms. This is the main reason why technological 
innovation for this surgery is accelerated. However, all this technology is insufficient if the 
specialist surgeon does not also use training and evaluation [Dankelman 2005, Martin et al. 
1997, Vassiluo et al. 2005]. 
Training in the development of the laparoscopic surgeon continues to be the cornerstone of 
the specialism. It is for this reason that the surgeon should count with training methods that 
augment their skills and, even more than that, intelligent mechatronic systems that can 
measure this improvement in their skills. Current training systems are based principally on 
the time taken to complete tasks and the quality of the development of these tasks. [Peters et 
al. 2004, Chung & Sackiier 1998, Keyser et al. 2000)].  
Time is an objective and impartial factor, but measures of quality are normally subjective. 
Systems for training and for the evaluation of virtual reality, such as the haptic systems, 
[MaClusky et al., Sutherland et al. 2006], rate the quality of the training, but the cost of this 
evaluation is very high. For this reason cheaper mechatronic systems are required, whose 
philosophy of evaluation is based on the work developed by the user and the evolution of 
his learning.  
In this way it could be possible to objectively evaluate the increase in the skill level achieved 
by the surgeon. The TrEndo system [Magdalena et al., 2006] is a good example of this effort 
to complement the measurement of quality of the training, but, even today, no methodology 
for establishing the clarity of this measurement has been developed. For this reason, we 
propose a new methodology of intelligent training evaluation, using the analysis in time of 
the three-dimensional behavior of each instrument during the execution of the task of 
transfer, based on a mechatronic system.   
2. Development 
In order to measure the evolution of training, a mechanotronic system was developed. This 
system carries out the three-dimensional registration of each instrument during the 
execution of each training task.   
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Each laparoscopic training task has a particular objective. This could be visuo-spatial 
adaptation or the choreography of both hands, etc.  
The design of the system that digitalizes the temporal position of each instrument during 
the execution of the task, in conjunction with the practice model, was selected taking three 
of the most commonly used environments for learning laparoscopic techniques into 
consideration [Keyser et al., 2000] (the virtual environment, direct practice in the operating 
theatre and the use of physical trainers). The operating theatre is the most realistic 
environment for evaluation. In this environment, the equipment and its interaction with the 
surroundings provide a natural feedback of the effort used in surgery. Unfortunately, it is 
not possible to carry out the evaluation of a novice surgeon in these conditions. These 
virtual and haptic systems are expensive and this substantially limits their practical 
application. The physical trainer is also a realistic and versatile environment [Schijven & 
Jakimowicz, 2003], which, just like in the operating theatre, has a natural feedback through 
the use of the equipment. For this reason, a physical practice model was used, and a 
mechatronic system was designed which, in conjunction with a program of analysis 
developed in Matlab (the MathWorks, Inc.), evaluates the laparoscopic skills during the 
execution of a training task, see figure 1.  
 
 
Fig. 1. Schematic diagram of the mechatronic laparoscopic evaluation system 
 
 
Fig. 2. Gimbal-type structure and assembly of the accelerometers for the registering 
movement on the x and y axes. 
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2.1 Three-dimensional registration system  
A mechatronic system of movement registration (X,Y,Z) of the active type was designed. 
This consisted of a pair of accelerometer type sensors, (ADX330) which register the 
movement in the X y Y axes respectively. The reading of the movement in the z axis is 
measured using a resistive multiturn sensor. The sensors were joined with a gimbal-type 
structure and in a commercial trocar of 5mm (see figures 2 and 3) 
 
 
Fig. 3. Assembly of the trocar in the gimbal arrangement and location of the resistive sensor 
that measures the variable of movement along the z axis. 
 
 
Fig. 4. General set up of the instrumented trochar installed in the trainer. The image shows 
the arrangement during the training.  
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The main advantage of this arrangement is that equipment of any make or model can be 
used without the need for any costly modification of the equipment. In figure 4 the general 
‘fitting together’ of the mechatronic unit can be seen; it is joined together with laparoscopic 
equipment.  
Referring to the sampling frequency, the specifications of the protocol of communication 
allow a communication of up to 1 Mb/s. Defining a channel of communication of 115.2 
kb/s. And the frequency of sampling was adjusted via software to 16 Hz. 
Transfer of data 
The information provided by the mechatronic system is sent to an electronic unit that 
conditions the digital data of 8 bits through a series of filters. These data are then sent to the 
computer through the USB port.  
2.2 User interface 
A program in the Matlab programming platform was designed that reads the data from the 
electronic unit. These data are processed in order to calculate different kinematic parameters 
 
 
 
Fig. 5. Graphic interface of communication between the mechatronic system of movement 
digitalization and the user; Where the kinematic performance for both hands is shown in an 
independent and personalized form for each task. 
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during the execution of the task such as: velocity (cm/S), movement (cm), time (s), spatial 
position of each forcep (X(t),Y(t),Z(t)) for total time (t). As well as the angles of inclination (φ). 
These data are processed independently and are presented for each hand, see fig. 5. 
2.3 Calibration of the mechatronic evaluation system 
Calibration is very important and necessary for ensuring precision in the registration of 
laparoscopic movements. This calibration consists of adjusting the workspace variable, 
which is defined as the reach of the equipment. For carrying out this calibration the limits of 
inclination (φ) and the longitude of insertion (L) of the equipment are adjusted. See figure 6. 
On executing the calibration command, this is carried out automatically. A series of 
messages appear that tell us the position in which the equipment should be placed. The total 
time for this routine lasts less than 2 seconds. 
Once the calibration of the system is finished, it is possible to graph the trajectory of the 
laparoscopic equipment of each hand on carrying out a specific task in 3D.   
 
  
 
  
Fig. 6. Calibration of the system during which the workspace variable is adjusted, 
determined by the inclination (φ) and longitude of insertion (L) of the laparoscopic 
equipment.  
The following figure 7 shows a three-dimensional graph of one task that consists of 
following the contour of a three-dimensional figure, which is placed inside the trainer, with 
the point of the laparoscopic instrument. 
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Fig. 7. Three-dimensional presentation of the x,y,z registration of the mechatronic system 
once it is calibrated 
3. Automatic evaluation of laparoscopic training.  
The task selected to demonstrate automatic evaluation is the task of transfer of the McGill 
Inanimate System for Training and Evaluation of Laparoscopic Skills (MISTELS) protocols 
[Derossis et. al., 1998]. This task has two main objectives: to develop visuo-spatial 
adaptation and to develop synchronization between both hands in the training. 
 
 
Fig. 8. A typical learning curve of one training task  
This graph fig. 8 shows the natural evolution of learning (Grantcharov et al., 2003). As more 
repetitions of the same task are carried out, the time taken diminishes until it reaches one 
half, in this moment, the student has dominated the task.  
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The Mistels transfer task consists of fig (9): The use of a plane with 12 poles, divided in two 
parts, 6 poles in each section. In one section, each pole is placed in a circle, for this reason it 
has a section which is full with 6 circles, these circles are transferred in the air from the left 
laparoscopic instrument to the right laparoscopic instrument, in the middle area of the 
plane.  
Initially, they pass from the left to the right side, and the afterwards from right to left. 
Registers are taken in time and through this task visuo-spatial adaptation, and the 
choreography of both hands are evaluated. 
 
 
Fig. 9. Mistels Transfer task  
The mechatronic system enables the registering of the temporal behavior of each instrument, 
permits the graphing of the dynamic behavior of each instrument in each plane fig. and 
produces a statistic evaluation of individual behavior in velocity, acceleration and the time 
taken to complete the task fig. 10. 
  
 
      Right Forcep     Left Forcep 
Fig. 10. In some of these graphs, it is possible to clearly observe, when the circles are taken (A) 
with an instrument and afterwards, when they are deposited (B) with the other instrument. 
From these graphs it is possible to calculate the low area of the curve. The low area of the 
curve represents the work, or effort, invested in carrying out the task. 
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W (x)dxF= ∫  (1) 
We propose the calculation of the work (W), or effort, as an “intelligent” factor in evaluation 
of learning, as long as the work, or effort, invested is directly related with the development 
of the task: 
The work in discreet form is: 
 xW F (x) x≈ Δ∑ #  (2) 
Our hypothesis is: The resident expends less effort in carrying out a laparoscopic training 
task at the end of this. And if this effort can be calculated, then it is possible to use this value 
as an immediate objective factor that is capable of evaluating if a laparoscopic surgeon has 
dominated each laparoscopic training task.   
If the task is carried out by a resident at the beginning of the training we have unwanted 
movements because of the lack of visuo-spatial adaptation, and the lack of hand-eye 
coordination. This is translated into the excessive time taken in developing the task and in 
abrupt movements during its execution.   
If the same resident carries out the task after practicing the same task, he can complete the 
task in less time, and without such abrupt movements.  
This value can be compared in any moment with itself or against a group. In this way, it is 
possible to evaluate the level of skill of each laparoscopic surgeon, whether the surgeon is 
novice, intermediate or experienced.  
For the evaluation, 10 resident laparoscopes in the first year of their specialism were 
selected, without a close relationship with the handling of the laparoscopic equipment and 
with the dominant right hand. The transfer task of the Mistels protocol was selected, using 
optics of zero degrees.  
4. Results 
Data was registered and the average low area of the registration curve was calculated in the 
three planes x,y, and z, of the right forcep fig. 11.  
5. Discussion 
A new automatic factor of evaluation of laparoscopic training was designed using the 
transfer task of the MISTELS protocol and a mechatronic system for the dynamic 
registration of the equipment.  
To objectively measure the evolution of laparoscopic training is a technological challenge 
that, in being resolved, would permit the establishment of new parameters of immediate 
evaluation of the surgeon, whether he is novice, intermediate or expert. For this reason we 
propose the “work” as a new factor for evaluating laparoscopic training.   
The results of the calculation of the “work” at the beginning of training, demonstrate that 
the surgeon invests greater energy in both hands. When visuo-spatial adaptation and 
synchronization between both hands are better, the effort invested starts to diminish 
substantially, until it reaches the average value.  
According to the results, before the training of the surgeon uses more energy on not having 
enough ability to adapt himself visually, and through coordination, to the resolution of the 
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task. On the other hand, on developing the skill, the surgeon invests less work in developing 
the same task in less time. One important characteristic is that this parameter can be 
calculated automatically from the registered data and can give an objective parameter of 
evaluation of the training for each hand.  
 
 
Fig. 11. “Work” developed during the transfer task 
6. Conclusions 
A new factor for the evaluation of laparoscopic training was developed. The method used 
3D registers of each instrument during the execution of a specific task, using a mechatronic 
system. The adequate analysis of the three-dimensional signal during the execution of a 
task, demonstrates that after the training, the “work” invested in developing this task 
diminishes and is a factor that is measurable, and can be objectively reproduced for rating 
the skills of a laparoscopic surgeon.  
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